II ion adopts a fivecoordinate square-pyramidal coordination sphere where the basal N 2 O 2 plane is formed by two O atoms of the oxalate ligand and two N atoms of a bidentate chelating histamine molecule. The apical coordination site in compound (I) is occupied by a monodentate azide anion through one of its terminal N atoms. The apical coordination site in compound (II) is occupied by a monodentate dicyanamide anion through one of its terminal N atoms. The molecules in both structures are centrosymmetric. In the crystals of compounds (I) and (II), the dinuclear complexes are linked through N-HÁ Á ÁX and C-HÁ Á ÁX (X = N, O) hydrogen bonds where the donors are provided by the histamine ligand and the acceptor atoms are provided by the azide, dicyanamide, and oxalate ligands. In compound (I), the coordinatively unsaturated copper ions interact with the histamine ligand via a C-HÁ Á ÁCu interaction. The coordinatively unsaturated copper ions in compound (II) interact via a weak NÁ Á ÁCu interaction with the dicyanamide ligand of a neighboring molecule. The side chain of the histamine ligand is disordered over three sets of sites in (II).
Chemical context
The oxalate ligand often plays an important role as a versatile bridging ligand in the formation of coordination polymers of various dimensionalities, including dinuclear complexes, chains, two-dimensional layered structures etc. (Coronado et al., 2003; Pardo et al., 2010) . The oxalate dianion can coordinate to two metal ions in a bis-bidentate fashion to form a dinuclear unit, although other coordination modes of oxalate have also been reported (Herná ndez- Molina et al., 2001) . In our effort to design and synthesize coordination polymers in a more rational and controlled fashion, we decided to use oxalate-based dinuclear complexes as molecular building blocks in preparing ladder-like coordination polymers. One strategy would be to introduce a linear bridging ligand to link the dinuclear units into ladder-like structures. Some potential choices of linear bridging ligands include azide and dicyanamide anions which have been widely used as bridging ligands in the design and synthesis of coordination polymers. The azide anion mainly coordinates in an end-on or end-to-end fashion (Escuer & Aromí, 2006; Stamatatos & Christou, 2009 ), while dicyanamide exhibits several different coordination modes (Batten & Murray, 2003) . During our attempts to react ISSN 2056-9890 azide and dicyanamide with oxalate-bridged biscopper(II) complexes, we obtained the title compounds as dinuclear units interacting via hydrogen-bonding and weak interactions.
Structural commentary
Compound (I) crystallizes in the orthorhombic space group Pbca ( Fig. 1 ) and compound (II) crystallizes in the monoclinic space group P2 1 /c (Fig. 2) . Both complexes are binuclear with a bridging oxalate anion coordinating in a bis-bidentate fashion to two copper cations, and both binuclear complexes are centrosymmetric with a center of inversion located at the center of the bridging oxalate anion. The copper ions in both compounds have a five-coordinate square-pyramidal coordination geometry. In compound (I), the basal N 2 O 2 plane defined by N4, N6, O1, and O2 has an r.m.s. deviation of 0.116 Å and the Cu1 atom is displaced from this basal plane toward the apical site by 0.240707 (11) Å . In compound (II), the basal N 2 O 2 plane defined by N1, N2, O1, and O2 has an r.m.s. deviation of 0.023 Å and the Cu1 atom is displaced from this basal plane by 0.0274291 (17) Å . The four Cu-O and Cu-N bonds in the basal plane have similar lengths in both of the title compounds, with the Cu-O bonds being slightly longer than the Cu-N bonds. These bond length values are in good agreement with those reported for other oxalate-bridged dinuclear copper complexes (Felthouse et al., 1976; Gleizes et al., 1992; Mukherjee et al., 2004; Zhang et al., 2012) . The apical coordination site of the copper ions is occupied by a monodentate nonbridging azide anion in compound (I) and by a monodentate nearly bridging (see below) dicyanamide anion in compound (II). The apical Cu-N bond in both title compounds is significantly longer than the Cu-O and Cu-N bonds in the basal plane.
The distance between the two Cu II ions bridged by oxalate is 5.24755 (18) Å in compound (I) and 5.2151 (3) Å in compound (II). These distances are within the typical range of values for oxalate-bridged dinuclear copper complexes (Felthouse et al., 1976; Gleizes et al., 1992; Mukherjee et al., 2004; Xu, 2011) .
In both of the title compounds, the histamine molecule adopts the N -H tautomer form where imidazole atom N5 in compound (I) and N3 in compound (II) are protonated. The histamine ligand coordinates to the copper ion in a bidentate chelating fashion via the nonprotonated N atom on the imidazole ring as well as the N atom on the ethylamino side chain, resulting in a gauche conformation for the histamine ligand.
Supramolecular features
In the crystals of the title compounds, hydrogen-bonding and weak interactions exist between the dinuclear complexs. As a result, the dinuclear complexes are linked to form rows which then assemble into sheets, and finally sheets stack to form three-dimensional networks.
The two title compounds exhibit a common set of hydrogen bonds between dinuclear complexes where the histamine molecule is the sole source of hydrogen-bond donors. The The molecular structure of compound (I). Displacement ellipsoids are drawn at the 50% probability level. Unlabeled atoms are related by inversion symmetry (Àx + 1, Ày + 1, Àz + 1).
Figure 2
The molecular structure of compound (II). Displacement ellipsoids are drawn at the 50% probability level. Unlabeled atoms are related by inversion symmetry (Àx + 1, Ày + 1, Àz). All disordered components are shown.
and along the crystallographic c axis in compound (II). Within each row, dinuclear complexes are placed side-to-side with each other rather than stacking directly above and below each other. As a result, there is essentially no overlap between the dinuclear planes. The same NH 2 group of histamine is also the donor for a N-HÁ Á ÁN hydrogen bond where the acceptor is the N3 atom of the azide in compound (I) and N4 of the dicyanamide in compound (II). This hydrogen bond links rows of dinuclear complexes to form sheets parallel to the ab plane in compound (I) (Fig. 3) and to the bc plane in compound (II) (Fig. 4) . The protonated N-H group on the imidazole ring is another hydrogen-bond donor for a second N-HÁ Á ÁN hydrogen bond, where the acceptor is N1 of azide in compound (I) and N6 of dicyanamide in compound (II). This hydrogen bond operates between dinuclear complexes from neighboring sheets and assembles the sheets into a threedimensional network. For numerical values and symmetry operators for (I) and (II), see Tables 2 and 3 .
In addition to the traditional N-HÁ Á ÁX (X = N, O) hydrogen bonds, both title compounds also exhibit a weak C-HÁ Á ÁX (X = N, O) hydrogen bond between neighboring dinuclear complexes. In compound (I), this weak hydrogen bond is C3-H3Á Á ÁN3 v where the donor is the C-H group on the imidazole ring and the acceptor is N3 of the azide. The C3-H3Á Á ÁN3 v hydrogen bonds (Table 2 ) operate between dinuclear complexes from different sheets and link sheets to form a three-dimensional network. In compound (II), this weak hydrogen bond is C2-H2AÁ Á ÁO2 iv (Table 3) , where the donor is an aliphatic C-H group on the ethylamino side chain of histamine and the acceptor is the O2 iv of oxalate. The C2-H2AÁ Á ÁO2
iv bonds operate between dinuclear complexes in the same row. Weak hydrogen bonds of the C-HÁ Á ÁX (X = N, O) types are prevalent in crystal structures and are formed with many different types of acceptor. The geometrical features of these weak hydrogen bonds exhibit a wide range of variation depending on the strength of the donors and acceptors. The values of the bond lengths and angles for the two title compounds in this study are within the typical range for C-HÁ Á ÁX (X = N, O) hydrogen bonds (Mascal, 1998; Sigel et al., 1998; Janiak & Scharmann, 2003; Youm et al., 2006) .
In compound (I), the coordinatively unsaturated copper ions interact with the histamine ligand via C6-H6C/ H6DÁ Á ÁCu1 vi [symmetry code: (vi) 1/2-x, À The crystal packing of compound (II), showing the hydrogen bonds as dashed lines. Atoms of disordered components have been omitted for clarity. Table 1 Hydrogen-bond geometry (Å , ) for (I). 
Table 2
Hydrogen-bond geometry (Å , ) for (II). 
H6C/H6DÁ Á ÁCu1 vi distances are 3.14625 (16) and 3.19821 (12) Å for H6C and H6D, respectively. The C6Á Á ÁCu1 vi separation is 3.64696 (16) Å . These distances are significantly longer than those found in the traditional and weak hydrogen bonds described above. The C6-H6C/ H6DÁ Á ÁCu1 vi angles are 112.8720 (3) and 109.287 (4) for H6C and H6D, respectively. These distances and bond angle values are in good agreement with other similar interactions found in the literature (Brookhart & Green, 1983; Braga et al., 1998; Yang et al., 2004; Yamauchi et al., 2008) .
In compound (II), the dicyanamide ligands are largely perpendicular to the dinuclear plane, making it possible for the coordinatively unsaturated copper ions to interact directly with the terminal noncoordinating N6 atom of the dicyanamide ligand of a neighboring dinuclear complex. The N6Á Á ÁCu1 v [symmetry code: (v) 1-x, 1 2 + y, 1/2-z] distance is 2.60123 (18) Å , indicating a much stronger interaction than the C-HÁ Á ÁCu interaction in compound (I). Similar to the C-HÁ Á ÁCu interactions in compound (I), the N6Á Á ÁCu1 
Synthesis and crystallization
Compound (I) was synthesized by mixing copper(II) perchlorate hexahydrate (1.0 mmol), histamine dihydrochloride (1.0 mmol), sodium oxalate (0.5 mmol), and sodium azide (1.0 mmol) in deionized water (25 ml) to form an aqueous solution. The solution was allowed to stand in air. After a few days, dark-green prismatic crystals were collected, washed with deionized water, and dried in air (yield 63%). Selected IR (KBr, cm Compound (II) was synthesized in a similar manner, except that the sodium azide was replaced by sodium dicyanamide (1.0 mmol). After a few days, deep-blue plates of crystals were collected, washed with deionized water, and dried in air (yield 55%). Selected IR (KBr, cm 
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms, except the amine protons, were placed in geometrically idealized positions and allowed to ride on their parent atoms, with C-H = 0.93/1.00 Å and U iso (H) = 1.2/1.5U eq (C). Methyl H atoms were allowed to rotate around the corresponding C-C bond. In compound (II), the C 2 H 4 unit of the histamine side chain is disordered Computer programs: SMART and SAINT (Bruker, 1998) , SHELXS97 and SHELXTL-Plus (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) and publCIF (Westrip, 2010) . and was refined anisotropically over three positions with their site-occupation factors constrained to unity. Equivalent bond lengths were restrained to be similar [SAME command in SHELXL2014 (Sheldrick, 2015) , s.u. = 0.005 Å ], and disordered atoms were subjected to a rigid bond restraint (RIGU command in SHELXL2014, s.u. = 0.004 Å 2 ). As a consequence of the disorder, the two protons on the adjacent N atom are disordered and also were included in three idealized positions and were treated riding on their parent atoms. The other amino protons were obtained from difference Fourier maps and refined freely. In compound (I), the largest residual difference desnity peak (0.78 e Å À3 ) found at (0.3411, 0.4069, 0.9096) could be due to a minor alternative position for an additional Cu II ion. Due to its small size, copper disorder was not included in the final refinement model. 
Computing details
For both compounds, data collection: SMART (Bruker, 1998 ); cell refinement: SMART and SAINT (Bruker, 1998) ; data reduction: SAINT (Bruker, 1998 ). Program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) for (I); SHELXS97 (Sheldrick, 2015) for (II). For both compounds, program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: SHELXTL-Plus (Sheldrick, 2008) ; software used to prepare material for publication: publCIF (Westrip, 2010) . Extinction correction: SHELXL2014 (Sheldrick, 2015) are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. All H atoms were positioned geometrically (C-H = 0.93/1.00 Å) and allowed to ride with U iso (H)= 1.2/1.5U eq (C). Methyl ones were allowed to rotate around the corresponding C-C. The amino protons were obtained from a Difference Fourier map and refined freely. A small peak (0.78) was found at 0.3411 0.4069 0.9096, which had the following geometry around it: We believe it is a small trace of a Cu center but was not included in the final refinement model for its small size. ENVIRONMENT OF Q1 Ligand Symcode Dist. Angles symm operation O1 6566 2.581 x. 5 -y. 5 + z N1 5656 2.039 107.5 1 -x. 5 + y 1.5 -z N2 5656 2.580 119.2 26.6 1 -x. 5 + y 1.5 -z N3 4557 1.902 108.9 127.6 101.4 -.5 + x y. 5 -z N5 1555 1.928 97.9 94.0 113.7 116.5 (9) 0.0158 (9) 0.0004 (7) −0.0012 (7) 0.0006 (7) C2 0.0198 (9) 0.0190 (9) 0.0172 (9) −0.0007 (7) −0.0003 (7) −0.0016 (7) C3 0.0199 (9) 0.0235 (10) 0.0174 (9) 0.0007 (7) 0.0014 (7) 0.0041 (7) C4 0.0155 (9) 0.0173 (8) 0.0163 (9) 0.0002 (7) 0.0007 (7) 0.0030 (7) C5 0.0213 (10) 0.0144 (8) 0.0204 (9) 0.0000 (7) 0.0028 (7) 0.0031 (7) C6 0.0194 (9) 0.0159 (9) 0.0210 (9) −0.0037 (7) 0.0022 (8) −0.0002 (7) Geometric parameters (Å, º) Extinction coefficient: 0.022 (2)
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
2 ) x y z U iso */U eq
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. All H atoms were positioned geometrically (C-H = 0.93/1.00 Å) and allowed to ride with U iso (H)= 1.2/1.5U eq (C). Methyl ones were allowed to rotate around the corresponding C-C. A C2H4 is disordered and was refined in three parts with their site occupation factors adding up to one. As a consequence of this disorder, the two protons on the adjacent N atom are disordered and also were calculated is three idealized positioned and were treated riding on their parent atom. SADI and RIGU were applied to the disorder geometry to maintain equivalent bond lengths of corresponding bonds. Proton H3 were obtained from a Difference Fourier map and refined freely. 
